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T H E A u D I o N.-I.* 
A NEW R E eEl V E R FOR W IRE L E SS T E LEG RAP H Y. 
THE story of the development of a device of a dis­
tinctively new order, from its first inception to its 
practical reality, adds a human interest to its descrip­
tion which is perhaps too often lacking among scien­
tific records. In 1900 when I was beginning experi­
ments on the electrolytic responder, it was my good 
fortune to have to work upon it at night in my own 
room, at a table beneath a solitary gas burner with 
Welsbach mantle. My source of Hertzian waves was 
the discharge of a small induction coil placed in an 
opposite corner and set into operation by a key closed 
by pulling a string. 
One night I noticed to my surprise a decided dimi­
nution in the light from the incandescent mantle 
whenever the coil was sparking. The constant recur­
rence of this effect induced me to investigate. By 
proper adjustment of the inflow of gas and air to the 
burner, an almost complete extinction of its light was 
obtained during the sparking of the coil. Another 
adjustment even allowed an increase of the light above 
normal. For several days I was elated over the tre­
mendously sensitive and altogether novel type of 
Hertzian-wave responder thus accidentally discovered. 
But alas for the over-sanguine spirits of the young 
investigator! When I thrust my induction coil into a 
closet and closed the wooden door, thus shutting off 
the sound of its vibrator and spark, my gas light 
ceased to fluctuate. 
I found I had merely discovered an extremely re­
sponsive form of the sensitive gas flame, and that a 
bunch of jingling keys or a smart clapping of the 
hands were almost as efficient generators of these 
Hertzian waves as was my induction coil. To hopes 
unrealized this was indeed the "light that failed." 
Bu t the few days of illusion had set me. thinking. 
Here in the flame around this incandescent mantle was 
matter in a most mobile, tenuous state, extremely 
sensitive to sound and heat vibrations, infinitely more 
delicate than any arrangement of solid or liquid parti­
cles. Why should it not then in some phase or fashion 
respond to the Hertzian vibrations also? 
Unable to dislodge this conviction from my mind, I 
began later to search for the genuine response to elec­
tric vibrations in the gas flame. I found the conduc­
tivay of the incandescent mantle surprisingly small, 
however, for any voltages which would be practical 
in a wireless receiver. 
By soaking the mantle in a potassium or sodium 
solution and drying, I was finally able to pass a small 
current from a dozen dry cells through the flame sur­
rounding it, using two platinum electrodes with a tele­
phone receiver in circuit, and get a faint response to 
the genuine Hertzian wave. The discovery that the 
effect predicted was actually present was intensely 
gratifying. 
Experiments followed with the Bunsen burner and 
other forms of flame. In the coal-gas flame the exte­
rior luminous portion is positively electrified, the inte­
rior negatively. To render these flames sufficiently 
conducting, salts of the alkali metals were introduced. 
Of these the caesium, potassium, and sodium salts are 
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the most conducting, and in the order named. These 
salts were either injected into the flames, as solution, 
or preferably put in a little platinum cup held in the 
luminous part of the flame and made the cathode of 
the telephone circuit. 
A platinum wire or disk held about 2 millimeters 
above this cup acted as anode. The antenna and earth 
connection, or the two terminals of the oscillating re­
ceiving circuit, were connected to these platinum elec­
trodes. An electromotive force of 6 to 18 volts, sup­
plied by a battery of dry cells, was sufficient to give 
* For its n ame, Audion, a title as beautiful as it is appropriate, I am 
indebted to my assistant, Mr. C. D. Eabcock, who has been of utmost 
service to me in the development of this device almost from its inception. 
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a current of several milliamperes through the colored 
flame. 
This early form of audion, the flame receiver, was 
remarkably sensitive to weak high-frequency oscilla­
tions. The sound heard in the telephone was an exact 
reproduction of that of ,the transmitter spark, in pitch, 
variation of intensity, etc. 
It was observed that the increase of current with 
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electromotive force did not follow Ohm's law; a satu­
ration value of the current was observed. Wilson has 
found that the maximum current which a salt vapor 
in a flame can carry is equal to the current which if 
passed through an aque�us solution of that salt would 
electrolyze the same quantity of the salt as was 
imparted during the same unit of time to the heated 
gas. 
Beyond this saturation value the current will not 
rise until the electromotive force is great enough to 
enable the field itself to ionize the gas; that is, until 
the velocity imparted to the negative ions by the field 
is sufficient to enable thetn to separate the gas mole­
cules with which they collide into positive and nega­
tive ions. 
The conduction through flames under the conditions 
I am describing is due chiefly to the negative ions gen­
erated, and these are chiefly in the vicinity of the 
metallic cathode. It is necessary that the alkali vapor 
comes in contact with the glowing metal. The increase 
of conductivity of a flame by the addition of a salt 
may amount to several hundred per cent, and is due 
not to the presence of the metallic atoms in the flame 
itself, but to the increase in wnization produced by the 
salt at the electrodes, notably the cathode. 
The velocity of the negative ions in flame at atmo­
spheric pressure increases rapidly with the tempera­
ture. Thus at 2,000 deg. C. their velocity is approxi­
mately forty times that at 1,000 deg. C. At 1,000 deg. 
C. the ratio of velocity of negative ions to positive 
ions is calculated as �. At 2,000 deg. C. this negative 
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ion velocity in flames is about 1,000 for a poten-
sec. 
tial gradient of one volt per centimeter. 
Now suppose the average velocity of a negative cor­
puscle to be proportional to the electric force; this 
velocity, for a potential drop of 10 volts between the 
electrodes as I use them, is of the order required to 
tra verse the distance between the incandescent body 
and the platinum anode during the time of one-half the 
wave period of the electrical oscillations ordinarily 
used in wireless telegraphy. 
I shall return later to the bearing which this fact 
has upon a suggested explanation of the effect of the 
Hertzian oscillations upon the gas receiver. 
On account of the ionization of the gas near the 
incandescent metal, and the greater velocity of the 
negative over the positive ion, it is to be expected that 
even if no external electromotive force be applied to 
the electrodes, and one of these be relatively cold, a 
current will pass along a wire connecting the \-wo 
electrodes, whose direction is negatively from the hot­
ter to the cooler body in the flame. In other words, 
the colder body will be the anode, positively charged. 
Now, if the Hertzian oscillations traverse the hot 
gas; the momentary potentials thereby impressed upon 
the moving ions will conceivably interfere with their 
motions, or with the rates of recombination between 
the positive and negative ions, and thus effect the cur­
rent flowing through the wire. A telephone connected 
between the electrodes indicates that changes of a sur­
prising amount in the momentary potential difference, 
or flux, across the electrodes are effected by the high­
frequency OSCillations, even when no external battery 
is applied. 
When a battery of from six to twenty dry cells is 
connected across the two electrodes, the positive termi­
nal to the cooler electrode, the potential current curve 
for the conductivity of the gas it at first approximately 
a straight oblique line, the current through the flame 
increaSing with the electromotive force. 
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Soon, however, this proportionality of current and 
voltage ceases, and a stage of saturation is reached 
where there is no appreciable increase of current with 
increase of voltage. But when the potential difference 
is raised sufficiently to ionize the gas, a stage is 
reached where the current increase is far more rapid 
than that of the potential difference. This last poten­
tial gradient depends upon the pressure of the gas; it 
is directly proportional to the pressure. This is given 
by Thomson as about 30,000 volts per centimeter for 
atmospheric pressure; but with incandescent gases in 
an inclosed vessel at one millimeter pressure a gradi­
ent of 40 volts per centimeter is sometimes, sufficient 
to produce this critical stage. 
In the case of the flame, the distances between the 
electrodes figure very little in the amount of current 
flowing, the potential drop, or the sensitiveness to 
Hertzian oscillations, because most of the ionization at 
low voltages takes place at the electrodes. 
The size and shape of the electrodes are of small 
moment. I prefer a trough anode 1 centimeter long 
by 2 millimeters wide, holding the potassium salt, as 
cathode, and a small platinum wire parallel thereto 
and held 2 to 10 millimeters above it as anode. 
The trough electrode should preferably be at the 
upper tip of the oxidizing flame at its junction with the 
reducing flame. When this is made negative the cur­
rimt is saturated with a comparatively small potential 
difference. The gas burner itself may be used as one 
electrode. The flame must be steady and kept rich in 
salt. The current of up-rushing flame makes a 
rumbling noise in the telephone, which may interfere 
with the detection of faint signals. This rumbling 
sound increases with too great applied potentials. 
The temperature, especially of the electrodes, is an 
important factor. At red heat these give off positive 
corpuscles; at white heat both positive and negative 
appear, the latter predominating. The electrode con­
taining the salt should always be incandescent, so that 
the excess of negative ions given off and streaming 
toward the other electrode will increase, rather than 
diminish the current due to the flame itself. The 
extreme sensitiveness of the flame when ionized to 
thermal variations is illustrated by the fact that a dis­
tinct response is heard in the telephone receiver when 
the mere tip of a cold pin is suddenly introduced into 
the flame. The sudden introduction of a cold body into 
the active part of the flame always reduces the re­
sponse. The salt is best placed in, or on, one of the 
electrodes rather than held in the flame in an indepen­
dent receptacle, or injected into the gas. 
The applied electromotive force is a determining 
factor in the sensitiveness of this receiver. The re­
sponse seems greatest where the potential current 
curve Is passing from the oblique to the horizontal por­
tion, where the saturation value is about to be reached. 
Under these conditions the sensitiveness of the flame 
audion is of the same order as that of the electrolytic 
FIG. 3. 
receiver using a glass-jacketed electrode. The flame is 
not most sensitive when the flux is greatest. There 
is a close relation between the degree of heat and the 
critical impressed voltage. 
Considerable difficulty was found in getting an abso­
lutely steady flame, even when protected by a chimney, 
as the slightest air current will deflect the sensitive 
portion from the electrodes, altering the sensitiveness 
of response. 
I next sought the phenomenon in the hot conducting 
gases of the electric arc. If a wire be connected to 
the positive carbon of the arc and led through a tele­
phone to a third electrode, platinum or carbon, which 
is inserted into the border of the arc, a considerable 
current passes through the telephone. If these two 
electrodes are' now connected to the terminals of the 
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receiving oscillating circuit, the conduction of the 
leak current across the gas to the third electrode is 
sensibly affected by t he arriving Hertzian oscillations, 
if sufficiently intense. A local battery can also be 
inserted in series with the telephone, but the voltage 
drop across the arc is usually too great to require 
this. 
Even when the arc is fed from a storage battery and 
cored carbons used, the hissing and frying noises in 
the telephone (probably due to the oxidation of the 
terminal by the air) are generally too troublesome to 
allow a clear reading of weak signals with this form 
of audion. 
The principles involved in its operation are mue h 
the same as for the flame audion. And although the 
intense ionization produced by the heat of the arc 
renders it extremely sensitive to slight local variations, 
its practical requirements make it less available as a 
wireless receiver. 
Inasmuch as the gases ionize more r'eadilY at lower 
heats and are in their most mobile, delicate, and sensi­
tive conditions in vacuum, it seemed to me certain, 
after experiments with the flame, that the attenuated 
and ionized gases around an incandescent filament 
would undergo very considerable changes when sub­
jected to Hertzian oscillations. 
Elster and Geitel," beginning in 1882 a systematic 
investigation of the ionization produced by incandes­
cent metals, frequently employed an exhausted glass 
vessel containing an insulated platinum plate, stretched 
close to which passes a fine metallic filament brought 
to incandescence by an electric current. 
Ordinarily at atmospheric pressures and red heats a 
positive cb�"<:;e was produced upon the plate, of the 
order of a few volts. This potential increases until 
the wire is at a yellow heat. As the wire gets hotter 
the potential decreases, until at a bright white heat 
the potential of the plate is very slight. Diminishing 
air pressure has but slight effect upon the plate poten­
tial until very high exhaustions are reached, when this 
potential begins to diminish and may even change 
sign, and as the exhaustion proceeds may reach a very 
large negative value. This pressure where the plate 
charge changes sign depends upon the temperature of 
the filament, being higher at higher temperatures. 
Long-continued heating and expulsion of gas from 
the incandescent metal play a considerable part in the 
electrical phenomena. Long-continued incandescence 
favors the negative electrification of the plate. The 
presence of oxygen aids in the carrying off of a nega­
tive charge, thus producing negative electrification 
around the wire; hence the action of oxide of metal 
on filaments tends to increase the discharge of nega­
tive electricity. But oxygen also hastens the disinte­
gration of the filament. 
Gases which are dissociated by heat conduct on 
quite a different scale from those like air, hydrogen, 
or nitrogen. Examples of such are the vapors of 
iodine, bromine, chlorine, potassium, etc. These fur­
nish a much larger supply of ions than the others. 
This dissociation occurs chiefly where the gas is in 
contact with the glowing electrodes. Of the metals, 
sodium and potassium have the highest conductivity 
under the above conditions, for the emission of nega-
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tively electrified corpuscles from sodium atoms occurs 
even at low temperatures; and I have used carbon fila­
ments coated with a potassium compound. The con­
ductivity of cold mercury vapor does not seem greater 
than that of air. 
With hydrogen, the plate becomes negatively elec­
trified even at atmospheric pressure; and when the 
filament is carbon instead of platinum the electrifica­
tion on the plate is always negative. This means that 
the gas will discharge the plate if positively electri­
fied; that is, a positive current will pass from the 
plate to the filament in the gas. 
The electrification produced in the neighborhood of 
an incandescent wire is a complicated effect; it depends 
* Elster and Geitel, Wied. Ann., xvi., 1882. 
on the temperature and nature of the filament, and on 
the nature and pressure of the gas. It furthermore 
depends upon the electric and magnetic forces to which 
the vessel is subjected; and I have found that the 
shape and area of the plate or plates, the condition of 
its surface and edges, as well as its distance from the 
filament, are very important factors. 
If the metal plate be connected by an outside wire to 
the positive terminal of the hot filament, a leak-cur­
rent from the plate to the filament through the gas 
will be set up, as Elster and Geitel first found, passing 
mainly to that portion of the filament near its negative 
terminal. If the resistance of the lamp filament and 
the lamp's voltage be high, a very considerable leak 
current may thus be set up. 
R 
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A battery of from three to eighteen dry cells is con­
nected between the positive end of the filament and the 
platinum plate W, the latter being connected to the 
positive pole. The saturation current increases rap­
idly with the heating current through the filament, 
which also increases the velocity of the negative ions, 
as does also an increase in the applied electromotive 
force between plate and filament. 
The rate of discharge of negative electricity from 
glowing carbon greatly exceeds that from platinum, 
while that from tantalum and other of the newer fila­
ments, given the same heating current, surpasses the 
rate of discharge from carbon. 
Thomson states the equation connecting the satura­
tion current with the temperature as 
(I = Aalie-�) 
where (J is the absolute temperature, A and b are con­
stants. 
At 2,000 deg. C. this rate of emission from a plati­
num wire in high vacuo amounts to 0.1 ampere per 
square centimeter of hot surface. For carbon this cur­
rent can equal several amperes per square centimeter 
surface. In the audion the flux current ordinarily 
ranges from 1 to 5 milliamperes. 
The metal dust, or even vapor, from the incandescent 
filament may play a part in the phenomena, but not a 
controlling one. Thomson has shown that the value 
of e / m for the carriers of electricity in the type of 
exhausted vessel described is the saine as its value 
for the carriers of the negative electricity in the cath­
ode rays, or in the discharge of negative electricity 
from metals illuminated by ultra-violet light. In fact, 
in many ways the behavior of the audion, notwith­
standing the extremely low potentials used, is very 
similar to that of a cathode-ray tube; and in one or 
two small pea lamps where the anode disk was close 
to the bend of the filament I have actually obtained, 
at only 22 volts, a blue-white beam of light playing 
between the filament cathode and the anode. Upon the 
approach of a powerful magnet this beam could be con­
centrated and deflected. A great increase in the cur­
rent through the telephone marked the formation of 
this beam, and a violent hissing or squealing sound 
began when the magnet was approached. 
The corpuscles at the filament are attracted by the 
metal of the filament, and to escape into the surround­
ing space they must be given sufficjent kinetic energy 
to carry them through the surface layer where this 
attraction for the carriers is appreciable. Thus, as the 
temperature of the filament increases, a larger number 
of the carriers can escape from the wire. But the 
saturation values of the flux current do not depend 
upon the velocity of the ions, but only upon the num­
ber of ions produced in unit time at the surface of the 
hot metal. 
The source of ionization is confined to the gas imme­
diately surrounding the filament. The velocity of the 
ion at any instant is dependent on its distance from 
the filament, because the temperature is not uniform 
between filament and plate. The ratio of the veloci­
ties of negative to positive ions varies greatly with the 
temperature: thus they are given as 1,000 to 62 at 
2,000 deg. 
This fact explains why the positive conductivity of 
the gas in the vessel is almost entirely from the cold 
to the hot electrode in the gas, and not in the reverse 
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direction; and why this unidirectional quality is more 
marked for higher temperatures of the cathode, the 
anode being kept cold. 
In the form of audion illustrated in Fig. 4, I employ 
two platinum wings parallel to the plane of the bowed 
filament and about 2 millimeters on either side of it. 
These wings are soon coated with an iridescent de­
posit from the metal filament, especially at the por­
tions opposite to the negative half of the filament. 
They become quite hot at this short distance, but not 
sufficiently hot to take part in the ionization of the 
gas. 
When connected in the oscillation circuit as shown, 
properly attuned to the receiving electromagnetic 
impulse from the antenna, the audion under proper 
adjustment of heating current and battery B potential 
is extremely sensitive, giving response in the receiving 
telephone several times as loud as any other form of 
wireless receiver when subjected to the same impulses. 
It is, however, less sensitive to atmospheric or static 
disturbances, which are strongly damped or aperiodic. 
I find the device extremely closely tuned with the 
syntonizer, for its operation seems to be dependent 
upon the sum total of the energy received from the 
complete wave train rather than upon the maximum 
first impulse of the train. In other words, while in­
stantaneous as far as our senses or instruments can 
perceive, its action is sufficiently sluggish to be deter­
mined by the additive effect of the entire received 
electro-radiant energy through a short time interval. 
When the filament is first lighted, an appreciable 
interval, about one-quarter second, elapses before the 
full sensitiveness is established. Before the flux 
reaches a steady state there is a period during which 
the number of ions is steadily increasing. As a result 
of the colliding of the initial ions with the gas mole­
cules the number of ions and the current rapidly 
increase, until an equilibrium is finally attained. 
The audion, to a greater extent than any other re­
sponder, is self-tuned. I mean that by regulating the 
heating current, the potential between wing and fila­
ment, or the distance between these, the audion can 
be made to a great extent selective per se to certain 
received impulses. And the determining factor here 
is not merely the frequency of the electrical oscilla­
tion; the spark frequency, or factors determining the 
total amount of energy received during a very brief 
unit of time, determine to an extent the amount of its 
response. Thus with 12 volts across it, it may give a 
loud response to a transmitter A; and with 10 volts 
"bring in" another transmitter B to the almost com­
plete exclusion of A, although A and B are of equal 
power and of approximately the same wave-length, 
but differing considerably in spark frequency. Similar 
discrimination can be produced by adjustments of the 
heat of the filament, which also governs the amount 
of flux through the gas. 
This flux is generally reduced when the audion is 
placed in a strong magnetic field, especially when the 
lines of force pass through the gas parallel to the plane 
of the wings, at right angles to the electric field. By 
this means also a tuning can be effected. 
Again, it is not necessary to connect the anode to It 
terminal of the oscillating circuit. One terminal may 
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be attached to a metal sheath or ring surrounding the 
glass vessel, thus forming a condenser with the fila­
ment or the conducting gas within the tube. In this 
case the adjustment of the syntonizer is generally dif­
ferent from that required for the same oscillation fre­
quency, when the interior wing is directly connected 
in the oscillation circuit. In this condenser arrange­
ment also the sound heard in the telephone changes 
its quality to an extraordinary degree, being of a dull 
muffled nature rather than sharp and staccato. Sig­
nals of this quality are sometimes much more readily 
distinguished from the "static" disturbances which so 
frequently render wireless signals difficult to read. 
The operator has thus a ready means of changing the 
quality of the received signals to suit the condltions. 
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This latter type of audion is the one I have found 
most serviceable in practice. 
The audion may even be placed in the space between 
two plates of an air condenser in the oscillating cir­
cuit. A flat-walled type of tube is preferred for this 
arrangement. Again, the electrical oscillation may be 
led through a coil of wire wound around the outside of 
the tube (Fig. 6) , and not through the audion at all, or 
through a flat coil brought up close to the tube, with 
its axis perpendicular to the filament. In this arranc;e­
ment it is chiefly the electromagnetic component of 
the passing oscillation which affects the motion of the 
ions within the vessel. The ions are readily influenced 
by a magnetic field. 
By shifting the syntonizer connections from the 
wings to this helix, I have been able to cut out com­
pletely signals from a transmitting station so near as 
to baffle all attempts with the ordinary tuner methods, 
and to bring in other relatively faint signals. 
The audion has the further advantage of entire ab­
sence of adjustment in the receiver itself. It gives no 
evidence of fatigue under any conditions of use. Fur­
thermore, it requires no protection from the violent 
impulses of the transmitter at its own station, whereas 
the sensitiveness of the electrolytic receiver is com­
pletely destroyed by one such violent impulse, unless 
its small electrode is protected by a shunting switch. 
I have arrived as yet at no completely satisfactory 
theory as to the exact means by which the high-fre­
quency oscillations affect so markedly the behavior 
of an ionized gas. Fleming points out that when the 
cold plate of the Elster-Geitel tube is connected to the 
positive end of the filament, and the two put in a high­
frequency oscillation circuit, only the positive half of 
the oscillation can pass from the plate to the filament 
across the gas. He uses this principle to rectify the 
Hertzian oscillations, and applies the unidirectional 
currents of the oscillations themselves to operate a 
sensitive galvanometer, or direct-current instrument, 
for quantitative measurements over short distances. 
When an independent external source of electromo­
tive force is applied, in the manner I have described, 
the action becomes quite different. It then operates 
as relay to the Hertzian energy instead of merely rec­
tifying this energy so that it can be used directly to 
give the sense signal. 
The audion, therefore, is tremendously more sensi· 
tive and available in practical wireless. A sensitive 
direct-current instrument in the B circuit shows a 
steady deflection varying not a whit, by increase or 
decrease, during the reception of strong "wireless" 
signals. An electrolytic receiver or "polariphone" 
under similar conditions would cause a great deviation 
in the deflection of a milliammeter, although the sig­
nals in the telephone with the electrolytic are not so 
loud as with the audion. 
I have connected two audions in series in opposition 
in the oscillating circuit, each with its separate heat­
ing circuit, and still heard the signals in the telephone 
connected to the second audion equally well, whether 
the wing in. the first be connected to the wing or to the 
filament of the second. 
When one of the tubes is unlighted, or if lighted its 
B circuit is open, no high-frequency impulses pass 
through it unless the wing and filament are very close 
together. When cold it acts merely as a condenser 
whose armatures are the wings and filament and whose 
capacity is extremely small. 
(To be continued.) 
THE EUCALYPTS OF A USTRALIA.-I.* 
R E C E. N TWO RH. O N TH E. E U CA L Y P T S. 
IN certain districts in America considerable activity 
prevails at the present time in the planting of Euca­
lj'ptus trees, the idea being, primarily, to supply hard­
wood for railways and for other works of construction. 
This too is the case in South Africa, where extensive 
planting of eucalyptus trees has also taken place. In 
India, Algeria, Italy and othar places the eucalypts 
have been cultivated, and with very great advantage 
to those countries in many directions. When the re­
sults of these plantations become better known and 
the advantages appreciated, it may be assumed that 
increased activity will prevail in the establishment of 
eucalyptus forests in other countries. 
The distillation of essential oils for medicinal pur­
poses, for perfumery, and other economic requirements 
for which the several oils may be found suitable, will 
of a surety be extended. It may also be expected that 
the possibilities of certain species for producing a 
bark of excellent quality for tanning purposes will 
not be overlooked, so that we may soon expect to see 
the cultivation of special species for special products 
greatly extended. 
The scientific knowledge concerning the products of 
the several species of Eucalypts, which has been ob, 
tained during the last few years, has placed the ques­
tion on a much more satisfactory footing than was 
previously possible, and it is now generally known 
from which species the most satisfactory results can 
be obtained in the direction required. 
The great chemical fact underlying this question, is 
that of the comparative constancy of the products of 
any particular species, so that the study of the pos­
sible economics of the several members of this great 
genus is provided with a sure basis. 
There are certainly not less than 200 well defined 
species of eucalyptus in Australia, the greater number 
of which have been chemically investigated. 
At the present time, beyond a few of the more com­
mon species, but little is known by the general public 
of the economic possibilities of the members of this 
group of trees, and it is largely for this reason that 
Eucalyptus globulus has obtained such wide promi­
nence in different parts of the world. It has been 
stated that even to-day many of the seedsmen in 
America know no other species. In California, this 
species has, in years gone by, been planted in large 
quantities. 
Recent investigations, however, have given Euca­
lyptus globu7u8 its proper place in the sequence of 
species. One cultivator in America has at the present 
time 900,000 eucalyptus trees in his forests, and not 
a single tree of E. globulus. He considers that his 
trees will soon be worth $2.50 each or even more. 
Australia might well take a lesson from such an en­
terprise, and profit from its results. 
I shall refer as briefly as possible to botanical ques­
tions, restricting myself more fully to the chemical 
side, but it will be seen that the chemical and bo­
tanical studies of these trees are inseparable, and it 
is to the phyto-chemical researches which have re­
cently been undertaken that the discovery of several 
important facts is due. 
The name Eucalyptus was given to the genus by 
L 'Heri tier in 1788 in allusion to the presence of the 
lid or operculum of the bud stage. The numerous 
species, into which it has been considered advisable 
by botanists to divide the genus, have suggested to 
some workers the idea that hybridism -has played an 
important part in the formation of these numerous 
* Abstract rrom tbe Journal of tbe �ociety of Chemical Industry. 
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species. There is much to be said in support of this 
theory, but the weight of chemical evidence is dead 
against it, if we admit the peculiarities of the parent 
being passed on to the offspring. From the results 
obtained during recent researches it was evident that 
the theory of evolution accounted for the formation 
of the numerous species better than any other, and 
it has been possible to formulate a genealogical table 
to illustrate this process of evolution, and to show how 
the genus has developed through past ages. Haeckel 
says that the careful construction of these genealogical 
trees is not an amusement, but the chief task of mod­
ern classification. 
In Australia gigantic eucalyptus trees occur, and one 
growing at Marysville in Victoria has a circumference 
of 70 feet, and is about 150 feet to the first branch. 
This particular tree is probably some 2,000 years old, 
yet the venation of the leaf is that of the phellan­
drene group, the most recent of all the eucalypts; so 
that this tree (probably E. regnans) belongs only to a 
species of to-day. When we consider the length of 
time necessary for any species to distribute itself over 
a large extent of territory, after it has become well 
established, we can begin to understand the constancy 
in the members of this genus, and to feel that time 
has been the chief factor in their establishment. 
The eucalypts are essentially oil yielding plants, 
and the known constituents of the several oils num­
ber about thirty. Although the known constituents 
are so numerous, yet they do not all occur in the 
product of any one species. There is, however, a re­
markable regularity in their distribution, and the 
commencement and increment of at any rate the prin­
cipal constituents are well marked and most clearly 
indicated by the remarkable and characteristic feature 
of alteration in the venation of the lanceolate leaves. 
It is now clearly understood that the venation of the 
leaves of most species is indicative of certain oil con­
stituents, and this changing of leaf venation has been 
contemporaneous with the alteration in the character 
of the oil. It has been possible to show this venation 
by photography directly from the natural leaves them­
selves, using the leaf as a negative. This very well 
demonstrates the evolutionary processes which have 
taken place and suggests that there is a natural ar­
rangement governing the peculiarities and properties 
of eucalyptus trees, which will be better defined when 
better understood. 
In what may be considered the earliest members of 
the genus the oil consists largely of the terpene pinene, 
with an entire absence of eucalyptol and phellandrene; 
the leaf venation illustrating fhis resembles the mark­
ings in a feather, the midrib is thick, and the marginal 
vein close to the edge of the leaf. As eucalyptol makes 
its appearance in the oil the midrib becomes less stout, 
the marginal vein recedes from the edge, and the 
structure of the leaf has a cellular appearance, thus 
allowing more room for the oil glands. In the leaves 
of those species giving an oil with a maximum amount 
of eucalyptol these characters are intensified. In the 
groups from which phellandrene oils are obtained, the 
venation is again different, the midrib is very thin, 
there is an entire absence of the feather-like venation, 
the veins are quite acute and lace-like, and the margi­
nal vein has become so far removed from the edge of 
the leaf, that often a secondary one has formed. The 
genus thus divides itself roughly into three main 
groups, governed by the venation of the leaf, and this 
venation is characteristic of the chief constituents in 
the oils. 
It is evident, therefore, that all eucalyptus oil can-
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not have the same medicinal value. At present, one 
of the chief uses for eucalyptus oils is for pharmaceu­
tical purposes, and it thus becomes necessary to know 
from which species the chief constituents can be ob­
tained most satisfactorily, and in greatest abundance. 
The bactericidal value of the several constituents found 
in eucalyptus oils has been investigated by Dr. Hall of 
Parramatta, whose work represents a considerable 
addition to our knowledge in this respect. The new 
constituents recently discovered were also included in 
that investigation. 
Although recognizing the importance to Australia in 
the preparatioh of oils for pharmaceutical purposes, 
which industry at the present time has a money value 
of from $200,000 to $250,000 annually, yet, it is to the 
manufacturing industries that Australia must look 
for the development and utilization of the enormous 
supplies of raw material at present going to waste. It 
is possible that by systematic effort Australia could, 
from her eucalypts, largely supply the demands of the 
world for oils useful for many solvent purposes, as 
well as for other uses in the arts and manufactures, 
and supply oils also for perfumery, for scenting soaps, 
and for flavoring purposes, but to be successful the 
industry must be systematized and governed by the 
results of scientific investigation. A very large pro­
portion of eucalyptus species being useless for econo­
mic purposes, these might be eradicated and their 
places taken by useful species. 
Two economic facts of great importance stand out 
prominently; these are: (1) that the young growth of 
any species yields an oil corresponding in constituents 
to that of the mature trees and often having a larger 
yield of oil, and (2) that most eucalypts are very 
tenacious of life and when cut down soon throw out 
fresh growth. If then large tracts of country were 
devoted to the growth of any particular species yield­
ing the required oil, and when sufficiently grown cut 
down by machinery, and distilled in correspondingly 
large stills, the cost of production would be merely 
nominal. With the old methods of distillation, using 
the 400-gallon ship tanks, the oil from some species 
of eucalyptus has been distilled for from 75 cents to 
90 cents per gallon. This is the case with several 
species giving terpene oils. The possibility of success 
in this direction, therefore, when treated on a suffi­
ciently large scale, seems to be considerable. One of 
the principal factors in this connection, is that of 
yield of oil obtainable from any species. The varia­
tion in yield is very great, but the yield from most 
species is now known and is practically constant. With 
the perfumery oils this factor has perhaps less com­
mercial importance. 
The oil from Eucalyptus Macarthuri contains a large 
amount of the alcohol geraniol, principally as an 
acetic-acid ester, and it thus has commercial value for 
perfumery purposes. From a very large number of 
determinations the ester has been found to range from 
60 to 75 per cent in oil from mature trees, when dis­
tilled at various times of the year, so that a minimum 
of 60 per cent of ester might very well be made the 
standard for the oil of this species. Experiment has 
shown that when the larger amount of ester is pres­
ent, the free geraniol has considerably diminished, 
only 6 per cent of free alcohol being present when 
the ester reached 75 per cent, whereas 10 per cent was 
shown to be present when the amount of ester was 
only 60 per cent. The oil from E. Macarthuri never 
contains eucalyptol, nor has phellandrene ever been 
detected, so that if a minimum of 60 per cent of ester 
is insisted upon, sophistication of the oil is hardly 
